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ABSTRACT
We present an alternate origin scenario to explain the observed phenomena of
(1) counter-rotation between different galaxy components and (2) the formation of
ring galaxies. We suggest that these are direct consequences of the galaxy being acted
upon by a torque which causes a change in its primordial spin angular momentum first
observed as changes in the gas kinematics or distribution. We suggest that this torque
is exerted by the gravitational force between nearby galaxies. This origin requires
the presence of at least one companion galaxy in the vicinity - we find a companion
galaxy within 750 kpc for 51/57 counter-rotating galaxies and literature indicates
that all ring galaxies have a companion galaxy thus giving observable credence to this
origin. Moreover in these 51 galaxies, we find a kinematic offset between stellar and
gas heliocentric velocities > 50 kms−1 for several galaxies if the separation between
the galaxies < 100 kpc. This, we suggest, indicates a change in the orbital angular
momentum of the torqued galaxies. A major difference between the torque origin
suggested here and the existing model of gas accretion/galaxy collision, generally used
to explain the above two phenomena, is that the torque acts on the matter of the
same galaxy whereas in the latter case gas, with different properties, is brought in
from outside. An important implication of our study is that mutual gravity torques
acting on the galaxy can explain the formation of warps, polar ring galaxies and
lenticular galaxies. We conclude that mutual gravity torques play an important role
in the dynamical evolution of galaxies and that they naturally explain several galaxy
observables.
Key words: galaxies:interaction; galaxies:evolution; galaxies:kinematics and dynam-
ics; galaxies:structure
1 INTRODUCTION
1.1 Counter-rotation in galaxies
Since their discovery in the 1980s (Bettoni 1984; Caldwell
et al. 1986; Galletta 1987), several galaxies showing counter-
rotation between the main stellar disk and the gaseous com-
ponent have been identified. Two main models have been put
forward to explain this phenomenon: (1) external gas accre-
tion of opposite spin either through continuous accretion or
a merger of a counter-rotating galaxy as suggested in the
first cases of identified counter-rotation and (2) internal bar
which can support different spins (Evans & Collett 1994).
However we find that there are a few key observational sig-
natures of counter-rotating galaxies which these models fail
? Contact e-mail: nkprasadnetra@gmail.com
to satisfactorily explain which prompted us to revisit the
origin of counter-rotating material in galaxies.
The main observables of a counter-rotating galaxy can
be summarised as: (1) undisturbed optical disk morphology
(2) gas/stars are rotating in the opposite sense compared to
the main stellar disk (3) generally gas-poor (4) the counter-
rotating population of stars is generally younger than the
main stellar disk (5) the counter-rotating population of stars,
are sometimes deduced to be of slightly lower metallicity
compared to the main stellar disk. We believe that observ-
able (1) which seems to be universal is a severe shortcoming
of the merger model which should affect the optical mor-
phology. We find that observable (3) is a shortcoming of the
continous gas accretion model since in this case the counter-
rotating galaxy should be gas-rich which is generally not
the case. However we also note that some of these observed
characteristics need to be confirmed by new observations
in particular, the metallicity differences. Considering many
c© 2016 The Authors
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early type galaxies are also now known to harbour gas, the
gas-poor property of counter-rotating galaxies also needs to
be revisited.
Simulations support gas accretion either through con-
tinuous infall or a dwarf merger (e.g. NGC 4138; Jore et al.
1996; Thakar et al. 1997). In the merger case, the undis-
turbed optical morphology is explained by letting > 1 Gyr
elapse between the merger and now and hence predicts that
the counter-rotating stellar population will have contribu-
tion from stars of age∼ 1 Gyr. If there is continuous counter-
rotating gas accreted over Gyrs (e.g. Thakar et al. 1997),
then we need to understand the process of where the gas
is coming from and why it is being accreted on retrograde
orbits. Moreover if there was continuous gas accretion the
counter-rotating galaxies should be gas-rich systems. If ac-
creted gas is from a nearby galaxy then the timescales for the
gas to be tidally braked and stripped from the other galaxy
+ travel to the counter-rotating galaxy + settling down has
to be taken into account. It would also indicate that the
star formation triggered in the tidal features external to the
counter-rotating galaxy will be older than the stars inside
the counter-rotating material of the galaxy. All this has to
be verified using observational data.
Thus, while we agree that retrograde gas accretion can
be one of the causes, with the aforementioned concerns, we
are not convinced that it is the most viable explanation
for the observed counter-rotation. We explore other known
physical explanations for counter-rotation. In particular, we
short-list an external torque acting on the galaxy as be-
ing an important physical process that can explain counter-
rotation. The importance of such torques has generally been
recognised as one of the primordial causes of rotation in
galaxies (Peebles 1969; Gott & Thuan 1978).
1.2 Ring Galaxies
Literature refers to two types of ring galaxies: resonance
ring galaxies and collisional ring galaxies. The resonance
ring galaxies are understood with an origin internal to the
galaxy which is generally found to host a bar. The collisional
ring galaxies, on the other hand, are generally explained by
a head-on collision of a large disk galaxy with a smaller
galaxy (e.g. Lynds & Toomre 1976). However, we note that
Vorontsov-Velyaminov, who identified several ring galaxies
(Vorontsov-Vel’Yaminov 1960), after Zwicky’s identification
of the Cartwheel galaxy in 1941, had favoured an origin
of ring galaxies as ’not catastrophic but calm and without
external influence’ (Vorontsov-Veliaminov 1976). We agree
with the first part of his statement about the evolution be-
ing calm but as we show it is likely to have had an external
trigger.
Resonance ring galaxies show the presence of several
rings inside the galaxy and lack of nearby companions, while
collisional ring galaxies show the presence of a ring external
to the optical galaxy and presence of nearby companions. In
this paper we are concerned with the collisional ring galaxies.
Main observables of collisional ring galaxies can be sum-
marised to be: (1) a ring of material located outside the opti-
cal galaxy observable in atomic hydrogen HI, Hα and optical
photometric bands (2) blue colours of the ring inferred to be
due to a younger stellar population (3) expanding ring (4)
rotating ring with rotation typical of the parent galaxy (5) a
closeby companion (6) Low column density HI and/or faint
photometric emission from the region between the galaxy
and the ring.
While the head-on collision might be a possible origin
for these class of galaxies, we find it difficult to reconcile
observables (4) and (5) with that model. Additionally we
note that the ring galaxies are generally gas-poor and do not
appear disturbed. Thus, we search for an alternate formation
scenario and as in the case of counter-rotation in galaxies,
we again shortlist external torques acting on the galaxy as
being able to explain the formation of these galaxies.
In the following sections we explain how torques can
give rise to several observables and then use existing obser-
vational data from literature to show that the mutual gravity
torque origin can explain observations.
2 TORQUES ON GALAXIES
We note that one of the possible origin of disk galaxy rota-
tion has been shown to be torques due to nearby neighbours
(Peebles 1969; Gott & Thuan 1978) and we find no com-
pelling reasons to believe that they are not important in the
dynamical evolution of galaxies in the present epoch. Con-
sidering that more than 60% of galaxies reside in groups,
the effect of torques on galaxies should actually be ubiq-
uitous and likely responsible for several observable charac-
teristics. Even timescales do not constitute a problem since
these torques can be effective over timescales ranging from
100 million years to few Gyrs. In the case of galaxy for-
mation, these changes are believed to have occurred over a
short timescale (∼ 108 yrs; Peebles 1969; Partridge & Pee-
bles 1967). These effects will precede tidal stripping of gas.
We, thus, explore the possible outcome of a torque act-
ing on a galaxy (G1) due to the passage of another galaxy
(G2). This torque τ acting on G1 can lead to a change in
its angular momentum L and conservation of angular mo-
mentum of the system indicates that it can be balanced by
some change in G2. Since angular momentum of any galaxy
is the combination of spin and orbital angular momentum,
the torque can mediate a transfer between the spin and or-
bital angular momenta or between any one of them. The
differentially rotating disk galaxies can be approximated by
annular rings around the centre of the galaxy and ω = 2pi/T
will be the angular velocity of material (T is the rotation
period) in G1 at distance r and I = mr
2 will be its moment
of inertia. Thus the torque acting on matter in an annular
ring in a galaxy G1 will be:
τ =
dL
dt
=
d(Iω)
dt
= ω
dI
dt
+ I
dω
dt
(1)
A similar expression will apply to G2. The angular momen-
tum will be transferred to the matter at different radial
distances rotating with different angular velocities. When
required, we use the simplifying assumption that only two
galaxies are involved in the interaction so that the angular
momentum conservation requires changes in the angular mo-
mentum of only those two galaxies. However we note that in
some cases, the torque might be a result of multiple galaxies.
Equation 1 has two terms and shows that the torque can
facilitate angular momentum exchange between two nearby
galaxies through changes in two independent physical prop-
erties of the galaxy namely moment of inertia I and angular
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Figure 1. Summary of how a torque can modify the spin and orbital angular momentum in galaxies and the observable features
associated with those as discussed in the paper. The terms HI and gas refer to the gas disk. The top row shows the effect of torque on
the spin angular momentum of the galaxy and explains (from left to right) the counter-rotation in galaxies, formation of ring galaxies
and possibly warps and polar ring galaxies. The lower row of schematics explains the observables which indicate a change in the orbital
angular momentum of the galaxy. We note that such features are regularly observed in galaxies.
velocity ω. Since no change in mass of the galaxy is ex-
pected, we use the radial distribution of gas as the main
galaxy property which changes the moment of inertia. Thus
the torque can lead to change in any of these. To elaborate,
if the torque leads to:
(1) A change in the spin angular momentum then one
of the following can happen. If we assume that there is
no change in the moment of inertia of G1 then the torque
can modify the spin angular velocity and the kinematics
of the gas will first change. This change can either speed
up the rotation or slow it down leading to a kinematic de-
coupling between the gas and stellar disk in G1. In the ex-
treme case, it can slow down the rotation considerably and
even establish a retrograde motion in G1. While we believe
there might be favourable configurations and kinematics of
the pair of galaxies which will cause the torque to lead to
counter-rotation (e.g. Figure 2), in this paper we focus on
the observational evidence in support of a torque due to the
gravitational force between two galaxies. On the other hand,
if there is no change in ω in G1 due to the torque, then there
could be a change in the radial distribution of the matter.
The matter in G1 can fall towards the centre or move out-
wards under the effect of a decrease or increase in its angular
momentum. This could lead to formation of circumnuclear
rings and ring galaxies. A simple scehmatic showing the ob-
servables for a spin angular momentum change are shown in
the top row of Figure 1.
(2) A change in the orbital angular momentum due to
the torque will also lead to two distinct observational signa-
tures. If there is a change in the kinematics with no change
in moment of inertia - then this could be viewed as a change
in the orbital velocity of the gas disk which would be one
of the first manifestations. An offset between the heliocen-
tric velocities measured for the stellar disk and the gas disk
would then result. If there is no detectable change in the
kinematics, then the change in its moment of inertia can be
mediated by redistributing the gas disk. One possible ob-
servable would be a displacement between the optical disk
and the gas disk seen in HI so that the orbital separation
between the two galaxies changes. A simple scehmatic show-
ing the observables for an orbital angular momentum change
are shown in the bottom row of Figure 1.
The gravitational torque will act on all the matter in the
galaxy but will result in the first observable signatures on
the gaseous component which will induce differences in the
nature of the gaseous and stellar components. One way to
understand this is that efficient angular momentum transfer
is possible in the gas disk which is a collisional deformable
system as compared to the stellar disk which is collision-
less. Moreover since the mass of the gaseous disk is 6 1% of
the stellar disk, the effect of the gravitational torque can be
manifest on a significant fraction of the gas disk. In this pa-
per, we mainly discuss the observable changes in the gaseous
component due to the mutual gravity torque.
A mutual gravity torque can lead to a change in the
kinematics of the gas in one galaxy and change in moment
of inertia in the other galaxy or can even lead to change in
both components in both the galaxies. We suggest that the
well-understood physical process of torques when applied to
galaxies, provide a consistent and simple formation scenario
for (1) the observed kinematic decoupling including counter-
rotation between, the gas disk and the stellar disk and (2)
the formation of ring galaxies. Torques also lead to other
observed characteristics (e.g. Figure 1), but in this paper
we test our hypothesis with respect to these two peculiar
features observed in galaxies.
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2.1 Quantifying torque exerted by gravitational
force between two galaxies
To quantify the effectiveness of a gravitational force and
resulting torque on a galaxy, we use the simple expression of
torque which includes force. This is also useful in visualising
the directions of the force between two galaxies and deducing
the direction of the torque using the right hand rule (see
Figure 2).
The gravitational force between two galaxies of masses
M1, M2 and separated by a distance r is:
Fgravity =
GM1M2
r2
(2)
The centrifugal force acting on a cloud of mass m with
a rotation velocity of V located at a distance R from the
centre of a galaxy G1 is:
Fcentrifugal =
mV 2
R
(3)
Substituting Fcentrifugal by Fgravity in the above equa-
tion, we can derive an equivalent rotation velocity Veq due
to the mutual gravitational force that will act on material
located at a distance R from the centre in G1. If we assume
that the gravitational force will be sufficiently strong to af-
fect the material in the galaxy if Veq >> V ∼ 200 kms−1
for a rotationally supported spiral galaxy or elliptical galaxy
supported by random motions, then this can be used to esti-
mate the detectability of the change in angular momentum
of the galaxy due to this torque. Veq estimated for different
galaxy masses and gas masses located at a distance of 10
kpc from the centre of the galaxy are tabulated in Table 1.
If this distance is increased to 20 kpc, then Veq will increase
by a factor of 1.44 and if the distance is decreased to 5 kpc,
then it will decrease by the same factor.
Veq =
√
FgravityR
m
(4)
The gravitational torque acting on material at R in G1
due to Fgravity is defined as
τ = R Fgravity sinθ (5)
where θ is the angle between R and Fgravity as shown
in the schematic in Figure 2. Thus, as long as θ is non-zero,
the torque due to the gravitational force will act on the
interacting galaxies and modify their angular momentum.
As long as the gravitational force is sufficient to affect a
galaxy, the torque will be stronger at larger distances from
the centre of the galaxy.
We can also use the arrangement in Figure 2 to obtain
some insights into formation of counter-rotating and ring
galaxies. Keeping in mind that the torque is perpendicular
to the plane defined by Fgravity and R, we can immediately
note that if this plane is close to parallel to the disk of the
galaxy then the torque in this galaxy will be along or oppo-
site to the angular velocity vector. Thus, this torque is likely
to modify the angular velocity of the galaxy resulting in
kinematic decoupling and counter-rotation in galaxies. This
is likely to be accompanied by a precession in the gas spin
R
Fgravity
θ
ω
Galaxy 2
Galaxy 1
τ
τ
r
ω1
2
1
2
Figure 2. A simplified schematic to demonstrate the proposed
explanation for counter-rotation and ring galaxies. The figure
shows the torque τ that will act on the two galaxies due to the
mutual gravitational force Fgravity which is estimated assuming
mass is concentrated at the centre of mass. This force exerts a
torque on matter in the entire galaxy and changes the galaxy’s
angular momentum. θ is the angle made by Fgravity with the
galaxy disk.
Table 1. Equivalent rotation velocity (Veq) of gas of different
masses m at a distance R of 10 kpc from the centre in one of the
galaxies due to gravitational force between the two galaxies.
r kpc Veq kms−1
M1 = 1011 M M1 = 1011 M
M2 = 1011 M M2 = 109 M
m → 105 M 109 M 105 M 109 M
50 42130 421 4213 42
100 21070 210 2107 21
500 4240 42 424 4
1000 2120 21 212 2
2000 1025 10 102 1
5000 425 4 43 0.4
axis (see Figure 1). On the other hand, if the plane defined
by Fgravity and R is perpendicular to the disk of the galaxy
then the torque will be directed perpendicular to the angu-
lar velocity axis and almost parallel to the disk. It could be
directed inwards or outwards depending on whether angular
momentum is decreasing or increasing. Thus this torque is
more likely to modify the distribution of gas ie moment of
inertia of the galaxy and result in ring galaxies or nuclear
rings.
As shown in Table 1 - galaxies of mass 1011 M can in-
fluence gas masses ∼ 109 M upto a separation of 100 kpc.
Since typical gas mass of a spiral galaxy is a few times 109
M - this indicates the entire gas component of a galaxy
can be torqued by the gravitational force when two massive
galaxies lie within 100 kpc. The table further shows that
masses of 105 − 106 M can be torqued even upto separa-
tions of 2 Mpc. Thus, the effect of a torque due to mutual
gravity has high potential to govern the dynamical evolu-
tion of galaxies. It is remarkable that this simple physical
treatment is borne out by observational results as discussed
in the next sections.
MNRAS 000, 000–000 (2016)
Torques:counter-rotation and ring galaxies 5
2.2 A demonstrator: the earth-moon system
Torques due to the force of gravity are ubiquitous in the
entire solar system and are responsible for tidal locking of
the natural satellites to the planets. That most planets and
their satellites show prograde motion with respect to the
sun but a few (e.g. Venus, Uranus) show retrograde mo-
tion indicates that the overall effect is complex. We confine
this discussion to the important evolutionary role played by
torques due to gravity in the earth-moon system. Although
no mass transfer due to gravitational forces has happened
in the earth-moon system, the torque has led to extensive
angular momentum exchange in the system.
It has been shown that the torque in the earth-moon
system has caused the moon to gain orbital angular momen-
tum from the earth’s spin angular momentum causing it to
move to a farther orbit. From Equation 1, this can be under-
stood as the earth losing spin angular momentum (decrease
in angular velocity) which the moon is gaining by increasing
its separation to the earth (increase in moment of inertia).
No change in the orbital angular velocity of the moon is ex-
pected since it is already tidally locked to the earth. It is
estimated that the earth’s rotation is slowing down at a rate
of about 1.7 ms per century (Stephenson & Morrison 1995).
The rotation period of the earth has slowed down since its
formation from 6h to 24h!
3 COUNTER-ROTATING GALAXIES:
TORQUES
After having put forward the torque origin scenario to ex-
plain counter-rotation in galaxies, we tested our hypothesis
in the following way. If the torque due to a closeby galaxy
G2 was responsible for inducing counter-rotation in the gas
of galaxy G1, then (1) the counter-rotating galaxies should
have a closeby neighbour. For example, a galaxy moving with
a velocity of 200 kms−1 would have traversed a distance of
1 Mpc in 6 billion years and would still be in the neighbour-
hood. (2) Since all the counter-rotating galaxies already have
a rotational component, the closeby companions are rotating
galaxies. (3) The companion galaxy shows some signature of
the angular momentum exchange. (4) Since torques will pre-
cede tidal stripping, the stellar ages in the counter-rotating
disk should be older than in the tidal features external to
the galaxy such as tails and bridges.
In Figure 3, we show the DSS optical images of the fields
of three counter-rotating galaxies - NGC 5719, NGC 5354
and NGC 7332. While both NGC 5719 and NGC 7332 show
a closeby companion, several galaxies lie close to NGC 5354.
We examined data on counter-rotating galaxies avail-
able in literature or online databases - the largest list of
40 counter-rotating galaxies being in the comprehensive re-
view paper by Galletta (1996). We searched recent literature
and included galaxies which have since been found to show
counter-rotation or excluded galaxies which have since been
found to not show counter-rotation. This resulted in a sam-
ple of 57 counter-rotating galaxies presented in Table 2. We
searched for companions in the catalogue of isolated pairs of
galaxies in the northern hemisphere by Karachentsev (1972)
and in the southern hemisphere by Reduzzi & Rampazzo
(1995) and for group membership in the LGG catalogue
Figure 3. DSS optical images of the counter-rotating galaxies
NGC 5719 (nearby galaxy: NGC 5713), NGC 5354/NGC 5353,
NGC 7332/NGC 7339 of size 15’ are shown. The bright object
northwest of the galaxy in the middle panel with a diffraction
pattern is a star.
(Garcia 1993) and LCDE catalogue (Crook et al. 2007). We
also did a visual examination of the environment using op-
tical images of the Digitised Sky Survey (DSS) downloaded
from Skyview. We then used the NASA-IPAC Extragalactic
Database (NED) to search for the nearest companion to the
counter-rotating galaxy which had a NGC, UGC or ESO
identification. We retained the default NED search within
a velocity range of ±500 kms−1 and a radial distance of
750 kpc. The heliocentric velocities, distance to the galaxy
and separation to the companion galaxy were recorded from
NED. The morphological types, position angle, inclination,
MNRAS 000, 000–000 (2016)
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rotation velocity, HI mass and the heliocentric velocity de-
termined using radio data which we assume indicates the
velocity of the gas and the heliocentric velocity determined
using optical data which we assume indicates the velocity of
the stars were noted from Hyperleda (Makarov et al. 2014).
All the galaxies are listed in Table 2. We note that the list
might not be complete since literature is vast.
3.1 Results
The main results of our study of the 57 counter-rotating
galaxies can be listed to be:
(i) 45 galaxies have a LGG or LDCE group membership
and three of these are also listed in the isolated pairs of
galaxies. 12 galaxies are not listed as members of a group
and NED could not find a neighbouring galaxy with a NGC,
UGC or ESO listing for five of these listed at the bottom in
Table 2. Moreover no nearby galaxy could be found for one
of the galaxies (NGC 7252) which has a LGG listing. NED
could find a companion galaxy for 51 galaxies. We list all
the 57 galaxies in Table 2. In some cases, there were several
galaxies close to the counter-rotating galaxy in which case
we have included the closest galaxy listed by NED which
had either a NGC, UGC or ESO listing.
(ii) The galaxies are located at distances between 6 and
110 Mpc. The separation between the two nearby galaxies
in the sky plane ranges from 13 to 610 kpc (column 7 in
Table 2). The difference in the heliocentric velocities of the
two nearby galaxies as listed in NED varies from 1 to 496
kms−1 and the rotation velocity (column 6 in Table 2), where
available, varies from 18 to 340 kms−1.
(iii) The morphology of the 51 counter-rotating galaxies
with a companion galaxy are as follows: 15 are lenticulars
(S0), 13 are ellipticals, 11 are spirals (Sa to Sc), 9 are S0-a,
and 3 are E-S0. 17 galaxies host a bar.
(iv) The morphology of the 51 companion galaxies are:
28 galaxies are spirals (Sa to Sd), 6 are ellipticals, 6 are S0s,
5 are irregulars, 3 are S0-a, 2 are E-S0 and the morphology
of one is not listed by Hyperleda. Thus, a large fraction of
companion galaxies are rotating disk galaxies.
(v) In column 4, the HI mass is estimated from the pa-
rameter ’m21c’ listed by Hyperleda which quantifies the HI
mass corrected for self-absorption. 36/57 counter-rotating
galaxies and 15/57 companion galaxies have HI detections
reported in Hyperleda. However we are aware that if the
measurement is made with a large observing beam then the
HI would be corrupted by nearby galaxies or inter-galaxy
medium and should be confirmed. The HI masses range from
2× 107 − 2.5× 1010 M. However this does not include the
ionized gas which is detected in several early type galaxies.
(vi) Since the position angle measures the major axis ori-
entation, we use the difference in the position angles of the
two galaxies as a measure of the angle between the rotation
axes of the two galaxies. For the available data on 41 pairs,
we find that the difference for 28 pairs is between 40◦ and
119◦ and for 13 pairs is between 120◦ and 39◦.
(vii) Hyperleda lists the heliocentric velocity of several
galaxies measured using optical tracers and radio tracers.
This, we note, can be understood as the heliocentric veloc-
ities of the stellar disk and the gas disk which in the quies-
cent case should be similar. We find that these optical and
Table 2. The counter-rotating galaxies (first entry) and the near-
est galaxy in sky plane from NED (second entry). Entries in
columns 3,4,5,6 are from HyperLeda and the estimates in columns
4 and 7 are done using the luminosity distance and angular sep-
aration given by NED. Column 5 (∆Vhel) lists the difference
between the heliocentric velocity of the galaxy measured using
optical tracers and radio tracers listed by Hyperleda and dash (-)
indicates one of the velocities is not available.
No Galaxy type MHI ∆Vhel Vrot d
×108 kms−1 kpc
M
1 NGC 128 S0 - 1911 141.7 13
1 NGC 127 S0 - 441 -
2 NGC 5354 S0 110 -176 122.5 13
2 NGC 5353 S0 52 77 135.7
3 NGC 7332 S0 0.32 -2 121.3 17.5
3 NGC 7339 SABb 2.4 142 163.8
4 NGC 1596 S0 26 643 98.3 18
4 NGC 1602 SBm 34 -1273 43.9
5 NGC 770 E 21 -111 219.7 32
5 NGC 772 Sb 160 -26 260.7
6 NGC 4365 E - - - 32
6 NGC 4366 E - - -
7 UGC 7425 SABc - - - 33
7 IC 783 SB0-a - - -
8 NGC 4424 SBa 0.85 -7 30.5 34
8 NGC 4417 SB0 - - -
9 NGC 4477 SB0 - - - 35
9 NGC 4479 SB0 - - -
10 NGC 3608 E 0.29 -111 85.1 37
10 NGC 3607 E-S0 - - -
11 IC 1459 E 3.3 28 36.4 40
11 IC 5264 Sab 37 218 230.8
12 IC 2006 ER 7.2 27 150.3 40
12 ESO359-G005 I - -4 -
13 NGC 3626 S0-a 17 -12 190 42
13 UGC 6341 Sd 27 -142 43.8
14 NGC 5898 E - - - 49
14 ESO 514-G003 E - - -
15 NGC 1216 S0-a - - 70.6 52
15 NGC 1215 SabB 94 72 -
16 NGC 7097 E - 71 - 55
16 NGC 7097A E - - -
17 NGC 5173 E 16 7 181.4 57
17 NGC 5169 SBbc - -15 155.8
18 NGC 936 SB0-a 1.4 13 340.8 60
18 NGC 941 SABc 6.8 10 89.8
19 NGC 7331 Sbc 15 2 252.4 60
19 NGC 7320 Scd - -13 81.8
20 NGC 4550 SB0 5 -54 157 64
20 NGC 4552 E - - -
21 IC 4889 E 83 49 50.3 75
21 IC 4888 E-S0 - - 50
22 NGC 4379 E-S0 - - - 80
22 IC 3313 E - - -
23 NGC 3528 S0 - - - 82
23 NGC 3529 SBb - - -
24 NGC 5719 SABa 120 7 187.1 90
24 NGC 5713 SABb 67 -65 107.9
25 NGC 1700 E - - - 102
25 NGC 1699 Sb - - -
26 NGC 6684 SB0 - - 129.9 102
26 NGC 6684A IB 8.6 1 27.1
27 NGC 4138 S0-aR 8.1 16 150.4 120
27 UGC 7146 I - - -
28 NGC 3593 S0-a 4 -3 107 150
28 IC 2684 S - -12 18.6
MNRAS 000, 000–000 (2016)
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radio heliocentric velocities show a difference (see column
5 in Table 2) greater than 50 kms−1 for several galaxies -
seven counter-rotating and six companions, when both are
available. One of the galaxies NGC 7252 for which no com-
panion galaxy was found within 750 kpc by NED also shows
a difference of 62 kms−1. At least one of the galaxies in
the counter-rotating pair shows such a large offset (> 50
kms−1) if the separation between them is less than 30 kpc
and several galaxies whose separation is less than 100 kpc
show such an offset. No such offset is observed for galaxies
separated by more than 100 kpc. While several HI measure-
ments might be uncertain due to a large observation beam,
we do believe that this result is significant. A targetted study
using interferometric HI observations should be undertaken
such as in Chung et al. (2012). We have modified the en-
tries in column 5 of Table 2 for NGC 128/NGC 127, NGC
7332/NGC 7339 and NGC 1596/NGC 1602 from the HI re-
sults of Chung et al. (2012) and Chung et al. (2006). No HI
is detected from NGC 7332 whereas marginal detection of
HI is reported from NGC 128 and NGC 1596.
Thus from the existing sample of counter-rotating
galaxies, we note that 90% have a rotating companion galaxy
within a projected distance of 750 kpc which as noted above
strongly favours the torque theory. In particular, 25 galax-
ies have a companion within 100 kpc and many of them
show an offset between the radio and optical velocities. This
difference between the radio and optical velocities could be
indicative of a change in the orbital angular momentum of
the galaxies and further observations to confirm this need to
be undertaken.
3.2 Case studies - NGC 5719/NGC 5713 and
NGC 4550
The top panel in Figure 3 shows the DSS optical image of
the young pair of galaxies, NGC 5719 and NGC 5713. Large
quantities of hydrogen has been detected from the galaxies
and the gas has been found to be counter-rotating with re-
spect to the main stellar disk in NGC 5719 (Vergani et al.
2007). HI is also detected from between the galaxies (Vergani
et al. 2007). The old stellar disk in NGC 5719 is in retro-
grade rotation with NGC 5713 while the counter-rotating
gas disk and 20% of stars in NGC 5719 are in prograde ro-
tation with NGC 5713. We suggest that the torque acting on
NGC 5719 due to NGC 5713 has modified the spin angular
momentum of NGC 5719 leading to a change in direction
of rotation of the gas disk. Moreover the HI major axis of
NGC 5719 (PA=121◦) makes an angle of 25◦ with the opti-
cal disk (PA=96◦) (Vergani et al. 2007). As an effect of the
counter-torque on NGC 5713, we find that there is an offset
of 65 kms−1 in it optical and radio heliocentric velocities
listed by Hyperleda. Thus, we infer that the torques have
led to counter-rotation in NGC 5719 and change in its gas
spin axis ie change in its spin angular momentum whereas a
torque on NGC 5713 has led to a decoupling in the systemic
motions of the gas and stellar disks.
The age of stars in the counter-rotating disk of NGC
5719 is between 300 Myr and 700 Myr (Neff et al. 2005;
Coccato et al. 2011). On the other hand the age of stars
formed in the tidal features external to the galaxies is be-
tween 2 Myr and 200 Myr (Neff et al. 2005). Thus, the age
of the counter-rotating population of stars in NGC 5719 is
older than in the tidal features. This is what is expected in
the torque origin since there is no external inflow of gas but
the galaxy’s own gas is torqued to counter-rotation. The star
formation in the torqued material should precede the tidal
stripping of material from the galaxies as witnessed in this
pair. We note that this is difficult to explain in the exist-
ing gas accretion model where the stellar population in the
external tidal features should be older than in the counter-
rotating disk since the counter-rotating material is being
accreted into NGC 5719. Thus the tidal features external
to NGC 5719 would have formed well before the galaxy ac-
creted this material. We, thus, find that strong support for
the gravitational torque leading to counter-rotation comes
from the ages of the stellar populations.
Having discussed the above, we go on to check if this
system satisfies the four criteria that we had put forward at
the start of this section: (1) NGC 5719 has a neighbour (2)
NGC 5713 is a rotating companion galaxy (3) NGC 5713
shows a decoupling between the systemic motion of the gas
and optical disks which can be taken as a signature of the
torque on this galaxy (4) The stellar ages in the tidal features
external to NGC 5719 are younger than the counter-rotating
stars in NGC 5719. Thus this pair of galaxies satisfies all the
four criteria that we had put forward for a torque origin.
For comparison, we check if the pair satisfies the gas
accretion/merger model especially observables (1) and (3)
listed in section 1. The morphology of the counter-rotating
galaxy NGC 5719 is undisturbed and is gas-rich (MHI =
7.2 × 109M; Vergani et al. 2007). In the gas accretion
model, the counter-rotating gas should have been accreted
from NGC 5713 but we note that NGC 5713 is also gas rich
(MHI = 6.6 × 109M; Vergani et al. 2007) and does not
seem to have lost much of its gas. In fact the HI in the pair
strongly supports the scenario in which both the galaxies
still possess their own gas and stellar disks and the gas has
started being tidally stripped from both galaxies some 200
Myrs ago. As pointed out by Vergani et al. (2007) there is a
74 kpc long tail of HI which connects the two galaxies along
the optical major axis of NGC 5719 which could be indica-
tive of gas flow from one to the other or to the inter-galactic
medium. We believe that behaviour similar to that exhibited
by NGC 5719 and NGC 5713 will be present in other cases
of counter-rotation where both the galaxies are gas rich and
needs to be investigated - if found to be commonly true, it
would unequivocally support the torque origin for observed
counter-rotation in galaxies.
Vergani et al. (2007) suggest that NGC 5719 will even-
tually evolve into a galaxy like NGC 4550 in which half the
stars have been found to be counter-rotating (Rubin et al.
1992) with the counter-rotating stars younger at 2.5 Gyr
and the main stellar disk being older at 11 Gyr (Johnston
et al. 2013). Retrograde motion in the ionized gas and half
the stars in NGC 4550 has been explained by gas accre-
tion (Rubin et al. 1992). We suggest that the origin of the
counter-rotating matter would have been in a gravitational
torque and similar to NGC 5719 - however the interaction
would have happened more than 2.5 Gyr ago. We exam-
ine NGC 4550 in terms of observables. A companion galaxy
NGC 4552 is found to be located at a projected distance
of 64 kpc from NGC 4550. A difference of 54 kms−1 be-
tween the optical and radio heliocentric velocities is found
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for NGC 4550. The companion galaxy NGC 4552 is an el-
liptical which shows rotation in the ionized gas (Kircher &
Pinkney 2009). No HI (Serra et al. 2012) or molecular gas
(Young et al. 2011) have been detected from either NGC
4550 or NGC 4552. Thus the torque acting on NGC 4550
has resulted in a counter-rotating component and a kine-
matic offset between its gas and stellar disks. No signature
on the companion galaxy could be found but more data on
NGC 4552 are required to search for signatures of this in-
teraction on its morphology or kinematics. It is important
to devise smart observations which are sensitive to signa-
tures which can distinguish between the different formation
scenarios.
We note that the order-of-magnitudes estimates listed
in Table 1 successfully explain observations of NGC 5719
and NGC 5713. Both are massive galaxies, are separated
by 90 kpc and the entire gas disk in NGC 5719 is counter-
rotating. From Table 1, we infer that the torque exerted by
the gravitational force between two massive galaxies (∼ 1011
M) if separation < 100 kpc can affect the entire gas disk
(∼ 109 M).
4 RING GALAXIES: TORQUES
We examined other observed phenomena which can be ex-
plained by torques mediating angular momentum exchange.
In particular, we search for observables where the angular
momentum exchange is mediated not through changes in ω
but through changes in the moment of inertia of a galaxy ie
in the radial distribution of material (see Equation 1). Ex-
istence of such systems would provide independent support
to the torque origin. Interestingly, we find that the observa-
tions of collisional ring galaxies where the ring is observed
in the galactic plane support an origin in torques. In this
case, the gas observed along the ring would have originated
in the galaxy itself and the name ’collisional’ would be a
misnomer. However we continue to use it here to distinguish
it from the resonance rings due to the bar. No external gas
accretion or collision with a dwarf galaxy are required in the
proposed torque origin.
The collisional ring galaxies have generally been ex-
plained either due to a head-on collision of a disk galaxy
with another galaxy using the observation that a companion
galaxy is generally found along the minor axis and simula-
tions (Theys & Spiegel 1976; Lynds & Toomre 1976) or by
collision with intergalactic HI clouds (Freeman & de Vau-
couleurs 1974). However Vorontsov-Veliaminov (1976) had
suggested that the ring galaxies are not generated by colli-
sions but by more quiescent physical phenomena internal to
the ring galaxy. On the other hand, rings termed as reso-
nance rings and found to be of three different types - inner,
outer and nuclear (e.g. Buta 1995) are believed to be formed
due to orbital resonance with a bar (Buta & Combes 1996).
While examining the ring galaxies shown in Buta (1995),
we note that some of the galaxies show an outer ring which
appears similar to the collisional ring thus cautioning that
while the rings observed encircling the bar in barred galax-
ies are likely to be generated by processes associated with
the bar, the outer and nuclear rings might be a result of the
action of gravitational torques due to a neighbouring galaxy.
In the last section we demonstrated how the angular
momentum exchange due to a torque naturally explains the
observed counter-rotation and how observations support this
origin. To understand the ring galaxies in terms of action of
torques, we again refer to the two terms in Equation 1 and
Figure 2. To recall, the torque that acts on a galaxy can
be manifest as a change in the angular velocity or a change
in the distribution of matter. The moment of inertia of the
galaxy can change due to redistribution of matter - expan-
sion or contraction of an annular ring. The observed struc-
ture of ring galaxies where most of the gas is accumulated
along a ring outside the optical galaxy and lower column
density HI is measured between the ring and the galaxy can
be explained by the gas moving out to larger radial distances
under the influence of a torque. If we rearrange Figure 2 so
that the companion galaxy is along the minor axes of G1
then Fgravity will be perpendicular to the disk of G1. The
plane made by Fgravity and R will also be perpendicular to
the disk of G1 and the torque will be almost parallel to the
disk causing matter to radially expand or contract. Strong
support for this origin comes from the observational result
that a companion galaxy is almost always located along the
minor axis of ring galaxies (Theys & Spiegel 1976).
Interestingly, some of the counter-rotating galaxies also
show HI distributed along rings e.g. NGC 4826; (van Driel
& Buta 1991) and NGC 3941 (van Driel & van Woerden
1989). In the case of NGC 4826, the inner HI disk is counter-
rotating with respect to the outer HI disk (Braun et al.
1992). We suggest that there might be more common cases
of counter-rotation and ring galaxies since both are medi-
ated by a torque and the angular momentum change can be
in both the angular velocity and radial distribution of the
gas disk. However we note that that both phenomenon in
the same galaxy would be difficult to explain in the gas ac-
cretion model. We could not find any of the galaxies listed in
Table 2 in the catalogue of collisional ring galaxies (Madore
et al. 2009). We reiterate that the counter-rotating compo-
nents and ring structures can all be consistently explained
by invoking torques acting on the galaxy.
Another important common property of ring galaxies
and galaxies which show counter-rotation is the presence of
a nearby companion. We claim that this is a stronger proof
of gravitational torques being responsible for the ring galax-
ies than a collision encounter since in the latter the colliding
galaxy can merge, disintegrate or not be detectable. Hence
we suggest that a companion galaxy is not a pre-requisite in
the collision scenario. In fact, the presence of a companion
for all the ring galaxies itself makes the collision scenario sus-
pect since at least a few should have lost their identity in the
collision. Even if we assume that all the intruder galaxies are
intact after the head-on collision, these intruders should cer-
tainly lose their gas to the ring galaxy. Thus, an important
observational test of the collision model would be that all
the galaxies if they are intruders should be gas-poor. While
this does not rule out the torque origin, it lends observa-
tional support to the collision model although the question
still remains how all the intruder galaxies have managed to
remain intact after the collision. Since Madore et al. (2009)
have listed the companion galaxy alongwith the ring galaxy,
this test should be easily doable. We could not locate a study
of this kind in literature.
In the torque origin, gas of the parent galaxy forms the
ring and there is no need for a collision. Strong support
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for this origin is also evident in the observation that many
of the ring galaxies are gas-poor S0s or ellipticals and it is
likely that the gas from these galaxies has been prematurely
moved out by the torques (see Equation 1), thus accelerating
the evolution of the optical galaxy to a gas-poor state. Thus,
an important formation scenario of lenticular galaxies might
be the action of torques manifest on its gaseous component
which pushes it out in form of rings which are eventually
removed from the galaxy. The rings continue to show expan-
sion and while these might survive longer in small groups or
pairs of galaxies, the rings are likely to be stripped close to
cluster centres due to ram pressure stripping (Gunn & Gott
1972) or fast galaxy encounters ie harassment (Moore et al.
1996) leading to the observed morphology-density relation
in clusters (Dressler 1980).
We find it interesting that Annibali et al. (2010), from
their observational study of ionized gas in 66 nearby lentic-
ular/elliptical galaxies have noted that ∼ 50% of these show
some peculiarities in kinematics such as counter-rotation or
in features or decoupled gas distributions with respect to the
stars. We suggest that many of these are signatures of the
galaxy being subjected to a gravitational torque. In an in-
dependent study of similar galaxy types, Davis et al. (2011)
find that 36% of the fast rotating sample galaxies, but none a
massive fast rotator, show misalignment of kinematic axis of
the stellar and gas disks (see Figure 1). These results natu-
rally follow if the misalignment is caused by a mutual gravity
torque leading to a change in the angular momentum of the
galaxy. The observable effect of this torque will be small on
the massive (large M) fast rotating (large rotation velocity)
galaxies as can be inferred from Eqn 4 and listed in Table 1
unless the gas mass is small.
We discuss the torque origin of the ring in the Cartwheel
ring galaxy below.
4.1 A case study: the Cartwheel galaxy
One of the most famous ring galaxies is the Cartwheel galaxy
shown in Figure 4. The Cartwheel galaxy along with three
other galaxies namely, PGC 2249, PGC 2252 and PGC
3170815 form the group of galaxies SCG 0035-3357 (Iovino
2002) or the Cartwheel group (Figure 4). Details of the mem-
bers are listed in Table 3. HI has been detected from all the
galaxies (Higdon 1996). Star formation has been triggered in
the gas in the ring and Hα emission has been detected from
the outer and inner rings in the Cartwheel galaxy and from
PGC 002249 (Amram et al. 1998). The Cartwheel galaxy
structure has been explained as being a result of collision
with another galaxy (e.g. Struck-Marcell & Higdon 1993;
Horellou & Combes 2001). We examine a torque origin for
the observed gas properties of the galaxies in the group and
the ring.
Cartwheel galaxy shows the presence of a ring surroud-
ing the optical galaxy and spoke-like structures which seem
to connect the ring to the galaxy. Most of the HI in this
galaxy is found in the ring encircling the galaxy and there is
low column density HI between the optical galaxy and the
ring (Higdon 1996). In particular we note: (1) The HI in the
ring shows a combination of rotation (Vrot = 291 kms
−1)
and expansion (Vexp = 53 kms
−1) and a systemic velocity
of 9089 kms−1 (Higdon 1996). The Hα gives the following
Vrot=217 kms
−1, Vexp = 13 − 30 kms−1 and a systemic
Figure 4. HST image of the Cartwheel galaxy and two other
member galaxies PGC 2249, PGC 2252 of the group SCG 0035-
3357 downloaded from the internet. The fourth member PGC
3170815 which is to the north is not shown.
velocity of 9050 kms−1 (Amram et al. 1998). In the torque
origin, an increase in the angular momentum can be inferred
from the gas redistribution to larger radial distances. Thus,
the gas in the ring should display both differential rotation
and expansion as is observed. (2) In Table 3, the difference
in the optical and radio heliocentric velocities are listed in
column 5. While all members show an offset > 20 kms−1,
PGC 3170815 shows a large offset of 120 kms−1. This can in-
dicate the effect on this companion of a torque by Cartwheel
galaxy. Moreover the HI disk of PGC 3170815 is displaced to
the north compared to the optical disk but no distortion in
its velocity field is observed (Higdon 1996). Both these point
to a change in its orbital angular momentum. In fact by com-
bining these two observables, it can be inferred that the HI
disk is receding to the north with a velocity of 120 kms−1
and shows a detectable displacement. (3) The HI kinematic
and photometric axes of PGC 2249 show a difference of 15◦
(Higdon 1996).
All these observational signatures involving gas in the
Cartwheel group of galaxies are expected observables if the
torque is assumed to modify the angular momentum of the
galaxies. Except for (1), we note that the other observables
in Cartwheel group galaxies cannot be explained by the col-
lision model.
After having explained the HI observations of the
Cartwheel group members using the torque origin, we ex-
amined the general features of ring galaxies listed in Section
1 and find that all the points can be explained in a torque
origin.
5 REVISITING HOLMBERG 124
In light of the importance of gravitational torques in galaxy
evolution and resulting observables that we have pointed out
here, we reexamine the results on the gas-rich group Holm-
berg 124 which consists of four late type galaxies - NGC
2820, NGC 2805, NGC 2814 and Mrk 108. Interpretation
based on a combined study of the radio continuum, HI 21cm
imaging and optical data from literature was presented in
Kantharia et al. (2005) and Mishra et al. (2012). They in-
terpreted the observables to be a combination of features due
to the physical processes of ram pressure and tidal forces.
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We revisit this young group of galaxies and modify their in-
terpretation. In particular, we find that a few features that
they attributed to ram pressure-driven effects can be ex-
plained in a mutual gravity torque origin and constitute a
more likely explanation. Details for the member galaxies are
presented in Table 3.
As seen in Table 3 the smaller galaxies NGC 2814 and
Mrk 108 show a large offset between its optical and radio
heliocentric velocities. Additionally as seen in Figure 7 of
Kantharia et al. (2005), the HI gas of NGC 2814 and Mrk
108 is displaced from the optical disks. As discussed in this
paper, both these signatures are expected due to a change
in the orbital angular momentum of the smaller galaxies due
to the gravitational torque. Kantharia et al. (2005) found it
difficult to explain the northern arc of HI clumps observed
in NGC 2805. We suggest that this arc-like feature or broken
ring can be seen to be indicative of the effect of a torque on
NGC 2805 which is pushing HI gas to larger radial distances
and in due course the galaxy might become a ring galaxy. A
comprehensive optical/radio HI study of gas rich groups of
galaxies should be undertaken to statistically check these ob-
servables and their origin and compared to a control sample
of binary and isolated galaxies. We are convinced that the
torque origin will be able to account for several intriguing
observables.
6 SUMMARY AND CONCLUSIONS
In this paper, we have presented observational evidence to
support a gravitational torque origin for the observed phe-
nomena of counter-rotation in galaxies and formation of ring
galaxies. The galaxy observables which could be a result of
torques causing a change in its spin or orbital angular mo-
mentum are summarised in Figure 1. No extra-galactic gas
accretion, merger or collisions are required in this origin.
The torque precedes any tidal stripping of gas and medi-
ates an angular momentum transfer - spin, orbital or both
- between the galaxies. We draw inspiration from the earth-
moon system where torques have successfully mediated ex-
change of angular momentum between the two bodies with
no stripping of matter involved. We stress that similar phys-
ical processes are at work on galaxy scales where more mas-
sive objects are involved and govern the dynamical evolu-
tion of galaxies. The proposed gravitational torque scenario
is schematically shown in Figure 2. The summary of the re-
sults presented in the paper are:
(i) We suggest that counter-rotation in galaxies and for-
mation of ring galaxies is because of a torque due to mu-
tual gravity modifying the spin angular momentum of these
galaxies. The resulting change in angular momentum is
clearly observed in the gas component of the galaxy, as ex-
pected.
(ii) Counter-rotation in galaxies and ring galaxies are
primararily observed in the gas disk and the main stel-
lar disk of most galaxies appear undisturbed. This is ex-
pected since the mutual gravity torques will show the first
effects on the gas in the galaxies. Moreover since no exter-
nal gas/collision/merger is required in the torque origin, no
distortion in the stellar disk is expected.
(iii) Torques due to mutual gravity require the presence of
companion galaxies in the immediate environment. We col-
lect a list of 57 galaxies from literature which have been doc-
umented to show counter-rotation and find that 51 of these
have at least one companion within 750 kpc. The companion
galaxies are predominantly a rotating spiral galaxy. All the
ring galaxies also have a companion galaxy. This observable
lends strong support to the torque origin.
(iv) The gravitational torque origin should leave behind a
signature on the companion galaxy as summarised in Figure
1. We find several observations give evidence of the same: (1)
an offset between the heliocentric velocities of the stellar and
gas disks. For the counter-rotating galaxy pairs, the offset is
> 50 kms−1 for many galaxies for a projected sky separation
less than 100 kpc. No significant offset is seen for cases where
the separation is more than 100 kpc. (2) The gas disk is
displaced with respect to the optical disk (3) Misalignment
of the HI kinematic axis and the photometric axis. All these
observables in the companion galaxies can be consistently
explained due to a change in the angular momentum of the
galaxy induced by the torque.
(v) In the case of the counter-rotating galaxy NGC 5719
and its companion NGC 5713, we find the following results in
literature: (1) The age of counter-rotating stellar population
> stellar age in the tidal features external to NGC 5719.
This is as expected in the torque origin and opposite of what
would be expected in a gas accretion model. (2) The optical
disk and HI disk in NGC 5719 are misaligned by 25◦. (3)
The HI gas disk of NGC 5713 has an extra motion of 65
kms−1 towards us as compared to its optical disk. All these
results are consistently explained if the galaxies are subject
to a gravitational torque exerted by a companion galaxy.
(vi) In case of the Cartwheel galaxy which has a gas ring,
we find the following from literature: (1) An outer ring and
an inner ring are observed in the Cartwheel galaxy and it has
three companion galaxies. (2) An offset of 15◦ is found be-
tween the photometric and HI kinematic axes in PGC 2249.
(3) An offset of 120 kms− is noted between the radio and op-
tical heliocentric velocities of PGC 3170815. The HI disk of
this galaxy is displaced to the north of the optical disk. All
these results are consistently explained if the galaxies are
subject to a gravitational torque exerted by a companion
galaxy.
(vii) We have shown that several galaxy observables can
be explained by a torque exerted by mutual gravity between
galaxies changing the angular momentum of the galaxies
which is readily observable in the gas kinematics or distribu-
tion. While this paper discusses the phenomena of counter-
rotation and ring galaxies and the effect of the torque on
the companion galaxies, we believe that gas warps in galax-
ies (e.g. NGC 4013) and formation of polar ring galaxies (e.g.
NGC 660) can also be due to a change in the angular mo-
mentum of the galaxies due to a gravitational torque. Even
formation of lenticular galaxies can be explained through
the ring galaxy phase. However these need to be examined
in detail.
(viii) We end by stressing the importance and widespread
influence of mutual gravity torques on the dynamical evolu-
tion of galaxies. A variety of observables in galaxies can be
elegantly, simply, consistently and physically explained in a
torque origin. There appears no need for all these peculiar
galaxies to have had a violent past.
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29 NGC 4672 Sa 250 -2 173.8 150
29 NGC 4677 SB0-a - - -
30 NGC 252 S0-aR 32 16 339.1 155
30 NGC 260 Sc - -8 176.6
31 NGC 5322 E - - - 160
31 UGC 8716 G - - 48.4
32 NGC 4826 Sab 8.3 15 152.2 170
32 UGC 8011 I 9.8 -8 75.5
33 NGC 3351 SBb 21 -1 149.8 185
33 NGC 3368 SABa - -15 201.6
34 UGC 6570 S0-a 2.4 -8 53.3 214
34 UGC 6603 SBc - 7 79.5
35 NGC 2768 E 3.1 - 64 235
35 NGC 2742 Sc - 15 153.6
36 NGC 7079 SB0 - - 229.1 253
36 ESO287-G037 SBm 30 12 67.2
37 NGC 1574 E-SB0 - - - 290
37 IC2058 Scd - 10 89.4
38 NGC 3941 SB0 3.1 -15 117.4 300
38 NGC 3930 SABc - -4 96.5
39 NGC 3032 SB0R 2 16 153.9 324
39 NGC 3026 IB 30 11 89.7
40 NGC 2983 SB0-a - - 168.2 345
40 ESO566-G002 SB0-a - - -
41 NGC 3011 S0R 2.2 12 120.8 351
41 UGC 5287 SBc 4 17 97.8
42 NGC 4546 E-SB0 2.8 -21 214.4 399
42 UGCA 286 SBm - 0 53.3
43 NGC 7377 SB0-a - - - 410
43 ESO603-G015 S0-a - - -
44 IC 456 SB0 - - - 410
44 ESO427-G029 S0 - - -
45 NGC 4191 S0 6 24 223.3 517
45 NGC 4224 Sa - 12 256.7
46 NGC 4698 Sab 18 9 201.6 553
46 IC 3767 E - - -
47 NGC 3203 S0-a - - - 583
47 NGC 3208 SBc - -8864 148.1
48 NGC 497 SBbcR 130 10 278 590
48 UGC 928 S0 - - -
49 NGC 7796 E - 38 - 590
49 ESO149-G009 SBd - - -
50 NGC718 SaB 0.2 -18 155.4 595
50 UGC1240 Sd 8.8 10 54.3
51 NGC 4513 S0 - - - 610
51 NGC 4332 SBa - 7 185.8
52 NGC 3835 Sab 12 11 188.8 -
53 NGC 6701 SBaR 26 -11 242 -
54 NGC 7007 E-S0 - - - -
55 NGC 7218 SBc 15 -3 135.7 -
56 NGC 7252 SB0R 12 62 165.5 -
57 NGC 7360 E 71 15 156.9 -
1 The radio HI Vhel of 4050 kms
−1 used for both galaxies taken
from Chung et al. (2012).
2 No HI detected from NGC 7332 and the radio HI Vhel of 1300
kms−1 for NGC 7339 taken from Chung et al. (2012).
3 The radio HI Vhel of 1621 kms
−1 for NGC 1621 and of 1584
kms−1 for NGC 1596 taken from Chung et al. (2006).
4 Needs to be confirmed.
Table 3. The four member galaxies of the poor young group
Holmberg 124. Entries in columns 3 and 6 are from HyperLeda
and in columns 4 is from Higdon (1996) for Cartwheel galaxies
and from Kantharia et al. (2005) for Holmberg 124 galaxies. Col-
umn 7 is from NED. For the Cartwheel group, column 5 lists the
difference between optical and radio HI velocities taken from Hig-
don (1996) and for Holmberg 124, between optical and radio HI
velocities from Kantharia et al. (2005).
No Galaxy type MHI ∆Vhel Vrot d
×108 kms−1 kpc
M
Cartwheel group
1 Cartwheel E-S0 93 39 149.9 -
2 PGC 2249 SBab 27 28 - 36
3 PGC 2252 SB0-a <0.1 -24 - 36
4 PGC 3170815 Sb 7 120 - 118
Holmberg 124 group
1 NGC 2820 Sc 66 3 162.8 0
2 Mrk 108 S0-a 0.6 -117 - 13
3 NGC 2814 Sb 3.4 115 160.6 25
4 NGC 2805 SABc 791 12 70.4 88
1 This is taken from Hyperleda due to missing flux in Kantharia
et al. (2005).
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